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NEW TECHNIQUES IN NEUTRON DATA MEASUREMENTS ABOVE 30 eV

P.W. Lisowskd and R. C. Haight

Los Alarmos Nanonal
Los Alamas, NM 87545 USA

ABSTRACT: Recent developments in experimendal facilities have enabled new wechmques for measurements of

neutron interacuons above 30 MeV. Faremost is the de welopment of both m

sources using acceleralors n the medium energy region between 100 aad 800 Me V.
products have been advanced by Lhe continucus improvement i detector

Corresponding developmenn in particle transpan cndes and in the theory

have allowed more precise desi
of these umprovements, many
quickly.

(Neutron sources, deweclons, nuclear dam, nevrons)

lomroduction

Interest in neutron daia above 30 MeV has increased
i recenl years due 10 daia oeeds for applications and o the
incress=d capability of sources and techniqoes in this region.
Application  xlude neutros e in the gratment of
cancer, space radiation effects, acce shiclding, and
malerials irradiaiion test facilities, [1) In sddition, many
experiments in basic ocutron nuclear physics are being
undertaken to study nouclear struciore and reacton
mechanisms, '

This range is above that traditonally studied for
vachear energy pro Consequentty, new approsches are
ofwen needed. It lbe[Eurpmeofl.his o point oul
some of the (achnigues that are weed In the 30-
800 MeV. A compiele review of the s Dot ,bat
we ho, : w capturc a flavor of the chalienges excitement
of thus quickly developing Geld

Neudmo Sourcen

Two types of neulron sources I common use
above 30 MeV: Lhe quasi- mooocoerpetic ) somrce and
*white” neuwron sources where a conunuum of oeutroas is
produccd. Just as at lower coergies, these rwo types of
soorces Lre complementary. A ﬁdmw
the experiment to focus oa resuls m more

of the neutron erergy spectrum. Tbmm S0Urce 00
the other hand allows a dewiled mappin
dependence of crosy sectoos. Both span
0-8G0 MeV al varicus {acilites

of the energy
energy range

The "Ui(p.n) reaction with a thin LI production mrget
is generaily preferred W other quasi-mopoone sgotic source
reactions because the intensity is suffickens, bitum send other

ascouws ta gels need not be involved, and Uw - vnuminaton
gy lower energy neuucry is bess of a . 1his reaction
has been compared with otheis. (2,3]. The proton beam is
unually produced by u cyclogon. A typial source gecirum
is shovn Ia Fig.l. (3] Nok thal in sddition 0 the slroag
peak there s als) a contnuum at lower energlea To Tnu:
reactjons induced by peak and continuum meutrons, Al much
sources are pulsed and time of-flight technigues must be
used. A clearing magnet s instalied downsirearn (rom the
production Wwrgel to remove the unreacted rtolm bearn from
neutrons protucced at 07, where the maxiroum inienaity Ls
obtained. For both of these rcasons, the warget o be
irradiated i1 placed several meters from the source.  This
gteation 18 qualitatively ditferunt from that al lower aeutron
energles where Lrully monoenergeuc sources are available,
tme-of-Mlight {8 often unnecessary, and the investigated

and COBINLOUS De LD
Measoremest of the reaction
¢lectromics and computers.
DOChear reactions o these energies

;nofntuummmcxpcﬁmmmkldm;udm;um. As a resolt
gwmummwmmmmum‘wwuem

sampic can be very close (0 the neoyos source. A faciliny (4]
far (0.p) measurements & Uppsala s Dastrated in Pig 2
10 -

-'!
i .-
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: 2-
| 20 b 0 »

4 Neutron Energy MeV)

. 1. Neutroo source 2 e TLi(p,n) reaction
%J&V&mhmliﬁ;ﬂy California o
Duvis. [3] Nowe the stronag mmam:ﬁ
source and the continuam m-ﬁ::u(y
ahbough small. is not s gnificant

Whik neuwron somrces &t wodooed by the interaction
of energatic ion or elocyos beams with argees. For
neuuDn energiks ia Une range discussed here, protce or
deuteron beams oo thick wrget offer the grealssl acuroo
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source streagth. For & white source at Karlarohe
was used wwm$g::’dmu-m(dmmum
(5) Lf tbe oo beam bas energy of soversl hundred

neutron energy. The neutron spoectra from this source are

shown in Fig. 3 for the different nevtroa production angles

available for ex . Calculamd spectra are also shown

in the neutroo flux from this scurce exwads from

below 0.1 MeV 10 well beyond 500 MeV for some

Eoducdon angles. An overview of the facility is shown in
4

The types of acutron sources Jescribed above are
suitable for measurements of nuclear da al well defined
neutron energiee. (ther fucilides that neutrons with
a broad specurum but withoul Ume-of- dlillu&lbilhy could
be attractive (of inwe ests of nuclear e reflerhere,
for example, 0 the significant number of new cyclotrons built

for neuuon therapy where nenrons up 0 100 MoV are
routinely produced at hugh intenaity.



(a.p) FACLITY

Fig. 2. Implementation of the qQuASI-MODOCHEIGEC Neutron source al the The Svedberg Laberatury, Uppeala, Swedea. (4)

Backgiound ndiations provide new chalienges for |
neuu'onwurgluinthhenuxynn;e. Because of the higher |
seutron energy, the ume-of-flight scparation between
neutrons and gamma-rays from the source ls less and |
therefore care must be aken (o scpanate the two. lnfncdu )
this is not a big problem with ioa-produced neutrons (23
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Fig. 3. Neutron source spectra (or the difTerent flight paths at
thg Target-4 spallation neutron source at LAMPIE\. The
nartow curves are the measured speclra and the curves
hi hH;h\cd wilth symbols are calculations hased on the
l,lHl*.T code system for nuclear reactions and particle

transport. [19]

10

and shiclds mum be much thicker at higher newtron energies
because of the lower iotal crovs section (7) '

Dexcxn

Deteciors 1or neutron dats measurements in the 30-
800 MeV region have developed from those ceed in low aad
medium energy maciear physics research. Detected radiations
can bz penctrating or nol. 80 that s wide ramge of detecior
designs is nocecmery.

To detect acutrons in this energy moderamly
large or liquid CHy scintillators are preferced. The
delection mec hasism Ls oot necessarily a-p scattering

as it Is for lower energy neutons, howeves. Reactions oa
carbon becom~ more imgrunl as the seuiron energy
increases. Calowliations of the efficiency of the detectors are
then more complicated. (8,9) To enhance the efTiciency of
delectors 80 higher energy ceutrons, a CHa ndiator can be
placed in front of the detector. These delecurs are readily
usec in otal cryes section studies [7)

Detectiom of scaitered neutroas is more difficult
because of the tme-of-flight requirement ususlly imposed.
For elapic scalwering, quasi-monoenergelic beams can be
used and the con | neutrons are at lower energies.(3)
Beam swingers for the beams producing the seutrons allow
An angular range 1o he covered.[10)

To investigaie both elastic and inelastic scattering, a
different Lpproach must be used. One way is 10 convert the
scaltered neuuons o prolons in a hydrogenous foil and then
measure the enccgy and m"’le of the recot! proton.[11] This
has been used at 63 MeV incident neutron energy at the
University of California at Davis (Fig. 5). This technique or
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Fig. 4. Layout of the source and flight paths for the Target-4 whike atutron source s LAMPE. |

one similar 10 it needs to be exploited at higher energies
where there are essenually no neotron elastic or inelastic

scantering dain.

Gamma-nays from acutran incractions sbove 30 MeV
can range in energy all the way from very low encrgies (o the
energy of capture to the ground state. The low ener‘g
gamma rays, up 0 a few MeV, can serve as indicators of
partial reaction cross sections.[12-14) Fig. 6 shows the cross
ucdonfor}rodudn;acmuw:ummlny&omme
36Fe(n,2n)3Fe reaction as a function of incident neutron
energy.(12) The data were taken with & germanium gamma-
ny detector. For neulron capture, much mare energetic

and different detectors, such as

mmoﬁdm)m required. These detectors are
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Fig. 5. Detectors for measuring elastic and inelastic neutron
scattering in the 65-MeV region at the Univessity of
California at Davis (11]
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Fig. 6. Excilaiion function of the 0.931 MeV gamma-ray
from the (n,20)33Fe reaction. The tranaition is ia the
res.dual nucieus. Dala are from [12).

Omled-rﬁnkle detectors are designed for differen:
energy ranges. pasticle encrgies up o 30 MeV or 30, Lhe
detectons must be in an ovacuated chamber with the t
foll. (13] For higher outgoing energies, the charged partic
have 4 reasonably loag range in materials 5o that wire
chambers and calorimeters are appropriate. Fig. 2 illustrates
one amngement of detectors.
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detecied in & manner to that used at lower energy. A
difficulty at energies above a few 100 MeV is that spallation
can occur in malerials of the (issjon chamber and yield large
ulses from the heavy fragments. At these high encrgies,
ackground measurements oeed 10 be laken without Lhe
fissionable material[16]
Elecironics
Continuing advances in commercially availabie
elecurorucs makes many of these experiments possible. A
partial list tiustrales these advances:
CAMAC inser{aces
FASTBUS interfaces
Multipie units per NIM module
High voltage

Logic U.

nits
Linear Gars
Fast amplifiens
Fast encoding and readout analog-to-digital
Mulkiplc-mop time digitizers
Fiber-optic lmis

Improved ascilloscopes

connectlons, ete.

Not only are new capabilities available, but the oider

capabilities are hecoming much more reliable. This makes :
where many componcnts all ¢

complex measurements :
need 10 be working for the experiment (o succeed.

Compuilery and SOftwAT

For nuclcar data messurements, the emergence of
relatively incxpensive computers has meant (hat all of the data
taking and most of the analysis can be accomplished wilh
what are now coasidered small computers in the laboratory.
This wend is cerainly oot finished now. Advanced
workstations are beginning (o appear in nuclear laboratories
and will likely continue 10 change the way we handie data and
control the experumenls.

As imporuant as the computer hardware are the
software data collection programs. We use the XSYS and Q
systems.[17,18] The first of these was writlen st Triangle
Universiies Nuclear Labon and at Indiana Universaty.
The latier was written at ows . Onber laboratocies
have their (avorites We predict that the shanng of software
will continue (¢ increase becsuse of the greal expense
assocuated with writing it

Tools W Design Cxperimzats

In designing expenments, vne needs to estmate
counting rates and »3s¢ss the probable radiauon performance
of shields, collimators, and other components. Codes exist
now (o permit cakculaton of many of parameters. The

r=dictions of one code are compared with experiment in Fig.

~ 119} In this case the onlelilable data are (or proton-
indu "ed reactions. It will be interesting and imporunt 10
compare calculations and experiment for neuwron-induced
reactions.

In the future there will be data bases above 20 MeV
that will provide data for neuron transpont codes. Al present,
the beginnings of dala bases are appearing. (See for example
(20.21])) Integral beachmarks do Aol Aow €rist (o test the
dsta and uansport codes. A Tuture program to provide such
nwegral daw will cerainly be reqguired.

Nuclew deta measurements in the region above 30
MeV are ing rapidly due (0 new ues and pew
capabiliues. Neutroa sources, deteclors, elecuronics,
computers, software and tools 10 design experiments all have
sdvanced significantly in the last few years. The next few
years should show accelecaled developments.
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Fig. 7. Dooble differental cross-section data (or 113 MeV
prowons incident o8 Fe campared with cakulation
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